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Introduction 
Face recognition has become a popular research 
area covering many fields and disciplines. The 
application of face recognition includes monitoring 
and surveillance systems and access control, such as 
smart door entrance identification and attendance 
system, to predict human behaviour. These 
applications help improve the daily lives and routines 
of humans. In general, the three steps in an automated 
face recognition system are detection, feature 
extraction and face recognition [1-2] (Figure 1). 
Figure 1 illustrates that the first step in this system is 
face detection which is a process of detecting or 
locating face regions from the entire picture or video. 
Face detection involves many processes, including 
segmenting the background, scanning the patterns of a 
face and noise removal. After locating the face region, 
certain useful strong features are extracted to 
distinguish the faces of different people. Many studies 
are available on face features [3-5]. Finally, these 
extracted features are trained and tested through 
classification methods. 
As the first step in the system, overcoming the 
problem of face detection is crucial. Detection must be 
sufficiently favourable for application to different 
scenarios that can lead to false face detection. For 
example, if the system requires finding the face of a 
student for attendance purposes, then the system will 
not detect (underdetection) or will overdetect (more 
detection) a face in the class when face detection 
algorithm is substandard. Figure 2 depicts this 
scenario wherein several faces in the front, middle and 
back positions of the class are undetected. 
Methodology 
Viola–Jones Algorithm 
Numerous face detection approaches have been 
proposed in recent years. These approaches are 
divided into the following main categories of face 
detection: (i) local feature and (ii) global feature-based 
approaches. Viola–Jones algorithm (local feature), 
which was developed by Paul Viola and Michael Jones 
in 2000, was the first algorithm used for real-time face 
detection systems [7-9]. The three main components 
of this algorithm are (i) Haar feature, (ii) AdaBoost 
and (iii) cascading [9]. Haar feature is used to detect 
human features in images and is typically used as a 
24×24 window base size to start evaluating every 
single spot in the image. Figure 3 demonstrates the 
four types of Haar feature for evaluation. These 
ABSTRACT – Viola–Jones algorithm is an effective feature-based approach for face detection. This 
algorithm consists of three main processes, namely, Haar feature, AdaBoost and cascading. These 
processes require scanning the patterns of a human face to obtain all pixels in the image. An empirical 
experiment was conducted using this algorithm, wherein nonface regions in the image are detected as 
face given its similarity with human face features. In addition, this approach only searches for patterns 
(features) but ignores colour information. Therefore, this research proposes a hybridisation of skin colour 
segmentation prior to using Viola–Jones algorithm. Several images with different types of environments 
(light conditions and face orientations) and various ethnicities (Malay, Chinese and Indian) are tested 
using the improved algorithm and the original Viola–Jones algorithm. Experimental results reveal that 
combining YCbCr colour and Viola–Jones algorithm is the optimal model (average accuracy is 
approximately 88%) for human face detection under various conditions. Other colour models, such as 
hue saturation value (HSV) and standard algorithms, have slightly low detection rates given certain false 
face detection. Despite this improvement, this research has also determined that the YCbCr and HSV 
colour models demonstrate certain limitations when handling dark faces and lighting condition because 
the skin colour becomes slightly out of range from the normal skin colour distribution. 
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features are edge, line, centre–surround and special 
diagonal line. 
 
 
Figure 3. Different types of Haar feature [10]. 
 
Haar feature consists of black and white regions. 
The black and white regions are replaced by +1 and −1 
values, respectively. Each feature results in a single 
value calculated by subtracting the sum of pixels under 
the white region minus the sum of pixels under the 
black region of each feature. To determine whether the 
feature is a human or nonhuman face, the single value 
obtained from feature calculation indicates human 
face similarity. Feature matching is performed on each 
spot in the image that results in a combination of 
160,000 types of features. For example, Figure 4 
exhibits that the line feature matches the shape of the 
human nose, thereby resulting in a high calculation 
value. 
 
 
Figure 4. Example of line feature matching with the 
human nose. 
 
AdaBoost removes and simplifies irrelevant human 
facial features; only few relevant features are useful 
among the 160,000 features generated by Haar feature 
[8]. Relevant features match with the human face. 
Thus, AdaBoost reduces the features from 160,000 to 
7,000 relevant features. AdaBoost also determines 
whether a feature is a strong or weak classifier, 
wherein a weak classifier can be considered a relevant 
feature. The output of weak classifiers is a binary 
value (1 or 0), wherein an output is 1 when the 
classifier can identify features when applied to the 
image. Otherwise, the output is 0. 
Lastly, cascading shortens the time for human or 
nonhuman feature identification for each feature. 
Cascading is composed of many stages, and each stage 
consists of a strong classifier. Each stage is grouped 
with a certain number of features. If the feature does 
 
Figure 1. Basic block diagram for face recognition [1]. 
 
 
Figure 2. Sample of face detection in a class picture used in Reference [6]. 
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not pass Stage 1, then the feature is considered a 
nonhuman face, thus eliminating the time-consuming 
process of going through all the stages. After passing 
Stage 1, the feature may be considered a human face, 
which will go through subsequent stages until 
successfully identifying such a feature as a human 
face. 
YCbCr Colour Model  
YCbCr is a colour space composed of Y, Cb and 
Cr as the luma, blue-difference and red-difference 
chroma components, correspondingly. A luma 
component determines the brightness of an image. 
According to [13-14], blue and red space ranges are 
suitable for distinguishing human skin, such as Cb = 
[77,127] and Cr = [133,173]. The YCbCr colour space 
distinguishes colour well under different brightness 
levels. In this research, the skin colour range, which is 
not in Cb and Cr, is removed before using the Viola–
Jones algorithm (Figure 5). 
HSV Colour Model  
The HSV colour model is a colour space that 
consists of the colour elements H (hue) and S 
(saturation), wherein both values vary from 0 to 1.0. 
HSV is a linear distribution of the colour spectrum that 
can distinguish very specific colours of the same kind. 
For this research, the colour ranges that represent skin 
colour are set to H = [0.26,1.00], S = [0.00,0.15] and 
V = [0.91,1.00] . 
Results and Discussions 
In this research, MATLAB software was used to 
code the algorithms. Three algorithms, namely, 
[Approach (i) – standard model using Viola–Jones], 
[Approach (ii) – YCbCr + Viola–Jones] and 
[Approach (iii) – HSV + Viola–Jones], were coded. 
The initial step is to obtain images with different 
surrounding conditions and human ethnicities from the 
Internet. A total of 70 images with different 
characteristics were obtained from the Internet to test 
the efficiency of the abovementioned algorithms. 
Table 1 lists these images which were separated into 
groups with each group having its own properties. 
Table 1. Image categories. 
Type Image descriptions Image 
i Chinese ethnicity 1–10 
ii Malay ethnicity 11–20 
iii Indian ethnicity 21–30 
iv African ethnicity 31–40 
v American ethnicity 41–45 
vi Dim surrounding light condition 46–55 
vii Bright surrounding light condition 56–60 
viii Different human face orientation & distances  61–70 
 
Figure 6 displays the sample for each type of 
image. The images were tested for face detection and 
calculated on the basis of the confusion matrix shown 
in Table 2. 
 
Table 2. Confusion matrix table (contingency table).  
 Predicted 
Face Nonface 
Actual 
Face TN FP 
Nonface FN TP 
 
The performance measures for the confusion 
matrix are presented as follows [11-12]: 
 Accuracy = ()*	,	)-)()*	,	/-	,	/*	,	)-) × 100     (1) 
 
Figure 7 presents that the experimental results are 
divided into different types of images and approaches. 
This figure illustrates that [Approach (ii)] is optimally 
used for face detection on all types of images, except 
Indian and African ethnicities and dim surrounding 
light condition. [Approach (iii)] seems the poorest 
algorithm for all the images because it obtains the 
lowest face detection accuracy results. On average,  
  
(a) (b) 
 
Figure 5. (a) Original and (b) YCbCr colour filtered images. 
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[Approach (ii)] is better than the two other approaches 
with an accuracy of 88.08%, followed by [Approach 
(i)] 84.17% and [Approach (iii)] 78.23%. 
As mentioned previously, the YCbCr and HSV 
have limitations for Indian and African ethnicities and 
dim surrounding light condition considering the dark 
skin complexion and slightly out of the colour range 
preset from normal fair human skin complexion. For 
example, the YCbCr and HSV tend to remove most of 
the human skin region for people of African ethnicity, 
thus making the human face difficult for detection. 
Figure 8 depicts an African or dark-skinned human 
image that is unsuitable for the YCbCr and HSV 
colour segmentation, which will remarkably affect the 
result of the Viola–Jones algorithm detection process. 
The figure demonstrates that many faces are removed 
after the YCbCr and HSV colour segmentation, 
thereby indicating that detection cannot be performed 
through the Viola–Jones algorithm. 
Conclusions  
Given that most industries currently use 
applications that are controlled by intelligent systems, 
face detection technology is recommended for 
monitoring and surveillance systems and access 
control, such as smart door entrance identification and 
attendance system, to predict human behaviour. In this 
research, we identified that YCbCr + Viola–Jones 
algorithm obtains a highly accurate result and low 
false detection in most of the surrounding conditions 
and different ethnicities of people. Although using the 
Viola–Jones algorithm alone obtains a highly accurate 
detection, the surrounding conditions have different 
types of shapes and orientations, thereby causing 
several features to appear similar to human faces and 
generate false detection outputs. The HSV has 
minimal benefits for face detection because this type 
of colour segmentation is sensitive to identifying 
colours, thus causing it to remove more colour regions 
near the human face. The removal of certain parts of 
the human face will prevent the Viola–Jones algorithm 
from detecting human features, thus leading to 
undetected human faces. 
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